India is an ancient civilization dating back more than 5,000 years. About 3,000 years ago (circa 2,000 BCE), the Rig Vedas were written providing detailed descriptions of the science of astronomy (Khagol-Shastra), mathematics (Ganitam), and medicine (Ayurveda). The concept of zero (Shunya) enunciated by Brahmagupta in 600 A.D. probably originated from the concept of void in Hindu philosophy. Science and philosophy mingled seamlessly in the Indian way of life. However, centuries of foreign domination also took a heavy toll on a civilization that once prided itself on its thirst for knowledge and scientific accomplishments. Despite the remarkable contributions of a few Indian scientists, such as the mathematician Srinivas Ramanujan (1887 Ramanujan ( -1920 and the physicist Chandrasekhar Venkata Raman , India has had little impact on the contemporary world of science.
When India achieved independence in 1947, there were some centers of excellence in mathematics, physics, chemistry, and engineering sciences. However, with a few exceptions, biological sciences were completely neglected. Indian universities paid scant attention to modern cell biology and biochemistry instead preferring traditional disciplines like botany, zoology, animal nutrition, and taxonomy. There was a chronic shortage of laboratory supplies and decent equipment and little future for those interested in biomedical research as a career. In the late 1960s, as graduate students at one of India's premier research institutes in Bangalore, my colleagues and I remember envying the quality of biological research in the West. At that time, it was difficult to imagine that one could attain the same level of competence in India. Much has changed since then. Capitalizing on an ancient fascination with mathematics, physics, and chemistry, India is enjoying a boom in information technology. This boom has benefited the fields of bioinformatics and biotechnology, with courses mushrooming at local colleges and newspapers running stories about the benefits that these fields can bring to Indian society. But what about basic biology research, which makes such applications possible? Can India sustain the bioinformatics and biotechnology revolution without investing in basic research in the biological sciences?
The Challenges A major issue for India is that existing centers of excellence train a disproportionate number of researchers. Talented Indian biologists have tended to build new biological science departments in institutions where excellence in the physical sciences already exists. Two examples illustrate this trend: (1) establishment of a school of molecular and developmental biology arising from the involvement of geneticist Obaid Siddiqi with the Tata Institute for Fundamental Research (TIFR) in Bombay (Mumbai), better known for its research on nuclear physics; (2) the growth of a strong school of structural biology at the Indian Institute of Science (IISc) in Bangalore, stemming from the influence of the biophysicist G.N. Ramachandran, renowned for his work on protein structure and folding. Thus, large centers of research tend to become oversubscribed to the detriment of smaller institutes and universities. This problem, although not unique to India, is magnified because the pool of highly trained, motivated, innovative, and entrepreneurial Indian scientists is still small. Even though thousands of science degrees are awarded in India, the research capabilities of this large scientific work force are limited. Together these problems constitute a challenging question for all scientific disciplines: Is it possible to provide broad access to funding opportunities for all universities and research institutes while simultaneously pursuing the cultivation of scientific excellence?
Purpose-built biological sciences research institutes traditionally have two funding sources: the Council of Scientific and Industrial Research (CSIR), which usually funds larger enterprises, and the Department of Science and Technology (DST) and Department of Biotechnology (DBT), which fund smaller projects. The centralized structure of the CSIR, although ostensibly providing a uniform administrative process for funding of scientific research, suffers from bureaucratic inefficiencies. This has hampered young investigators seeking to establish new research programs. Generous research budgets may be less important than the creation of an effective administrative plan.
In the United States, the frequent grouse of many scientists is the difficulty in having their NIH grants funded. Surprisingly, funding per se is not a problem in India because most good research proposals that are submitted to the funding agencies-the DBT, DST, and the India has a unique opportunity to become a leader in biological sciences research. In this commentary, we address what India needs to do to achieve this goal.
ever, the size of the grants is usually very small (US $10,000-15,000/year), which forces Indian scientists to apply for many grants.
Given that India is a developing nation, there is a tendency to frame all scientific endeavors in the context of national needs. Although such goals are undoubtedly important, they lead to an emphasis on applied sciences and leave less space for curiositydriven basic research. Framing scientific goals in terms of national needs means there is an overwhelming desire on the part of funding agencies to support research that is likely to yield a product of direct benefit to society.
The agenda of funding agencies, developed in conjunction with a group of scientific bureaucrats, is often out of touch with the realities of new research fields. This tends to lead to more focus on areas-such as stem cell biology, transgenic crops, AIDS vaccineswhere the basic research capabilities need to be strengthened before applications can be considered.
Another problem is the lack of expert scientists who can act as reviewers of grant proposals. In addition, the grant review process often does not critically examine the track record of applicants, which tends to skew funding in favor of established investigators who do not necessarily have expertise in the field of the application. There is also a need to bring about a change in our cultural attitudes. The tendency to choose safe scientific problems and to avoid riskier projects should be replaced with a scientific temperament that relishes risk and novelty. A reluctance to take a critical look at the research itself during the grant review process results in a gradual erosion of research standards.
Another area of concern, particularly among young Indian scientists, is the lack of understanding by laboratory chiefs of the factors that facilitate progress in research. Inexplicably, scientists tend to forget the struggles they faced as young investigators once they obtain a position of influence, be it as a laboratory director or member of a committee that dictates science funding or policy. Within laboratories, decision making is highly centralized and active researchers have little input into decisions that directly affect their ability to do research. This creates a situation in which individual scientists find it difficult to feel a sense of involvement in the progress of the institution and are at the mercy of a baroque hierarchical system. The absence of mechanisms that actively nurture leadership means that changes in institutional leadership depend on persistence or patronage rather than on the outcome of planned growth or merit.
The Way Forward
Despite the challenges ahead, many researchers believe that the future is looking better for ideas-based biological research in India. This is clearly reflected not only in the appearance of papers from Indian biologists in prominent international research journals with high impact factors but also in the increasing numbers of highly qualified young Indian biologists who are returning to India to start new cutting-edge research programs. These individuals could easily get faculty positions in the West but for various reasons choose to return to India and are finding it much easier than even a decade ago to get their programs off the ground. The Indian government has become more supportive of research and development. The budgets of the DBT (see Figure 1 ) and the ICMR have increased in excess of the rate of inflation over the past decade. Also, the CSIR and DST are providing more financial support for biological sciences research. This in turn has increased the average size of a grant by about 30% (from US $10,000 to US $15,000 per year). New research institutes, such as the Center for Cellular and Molecular Biology (CCMB) in Hyderabad (see Figure 2 ) and the National Center of Biological Sciences (NCBS) in Bangalore, have been established with a mandate to do basic life sciences research. Tremendous efforts by Indian scientists both in India and abroad are raising the bar for Indian research, creating an atmosphere of optimism. Another important change has been the confidence instilled by the remarkable success of the infotech industry in India. Our shrinking world and the rapid flow of information across continents at the click of a mouse has enabled India to feel part of a global scientific system.
There are a number of ways that India can maximize its potential regarding biological sciences research. (1) Given that most Indian scientists both speak and write in English, large grant proposals and the research programs at major centers of excellence should be subject to periodic peer review by independent scientists from outside of India. There are many Indian expatriates who would be willing to participate. (2) India needs a more flexible and more rigorous system for promoting talented biologists based on objective scientific criteria. The system needs to eliminate mediocrity and to reward excellence, perhaps by providing monetary incentives. It is probably time for the Indian scientific community to take a bold decision and to switch to a performance-based culture. (3) A tradition of broad-based rather than centralized decision making within institutions should be encouraged. (4) There also needs to be generous startup grants and mentoring programs for young investigators so that they can be competitive. Funding of young Indian investigators by international funding organizations such as the UK's Wellcome Trust and the Howard Hughes Medical Institute will bolster research quality. (5) It is not only graduate students but also postdoctoral fellows that drive the scientific research engine. Unfortunately, most Indian PhDs leave India for their postdoctoral research. Perhaps Indian funding agencies can provide incentives to retain at least some graduate students and to attract talented foreign students to India for postdoctoral training. (7) India also needs to invest in the infrastructure of research institutes and universities, not only to buy new equipment but also to maintain it. In addition, scientists and technicians should receive specialized training in fields like bioinformatics, proteomics, and imaging. Funds should be provided to encourage interdisciplinary collaboration and the sharing of expensive technologies. The development and acquisition of technology is a major component of success in biological research. (8) India needs to introduce M.D./PhD training programs to ensure the translation of basic science discoveries into medical benefits. (9) Finally, promoting an excellent education in the biological sciences at the university level will be essential for encouraging the brightest students to enter research careers.
India has many resources: a culture that values learning and education, a vast pool of potential scientific talent, enormous biodiversity, and a huge population for the study of genetic variations associated with disease. Thus, the Indian life sciences research community is well positioned to make forays into the field of systems biology. The move from the traditional physicochemical perspective of biology to the study of disease mechanisms should provide a strong research platform for the future. There are many Indian scientists working abroad who would be willing to contribute to raising the quality of Indian research. The Indian media, too, will play an important role in educating and informing the general public about scientific methods, research advances, and the benefits of science to society. Finally, the government can only provide resources; it is up to Indian scientists to provide an atmosphere of excitement, excellence, and innovation that will raise biological sciences research in India to a new level.
